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PIGMENT GRANULES CAN MIGRATE TO THE CORTEX 
IN SEA URCHIN EGGS ACTIVATED WITHOUT 
CORTICAL GRANULE DISCHARGE1l 
KENZI 0SANAI2) 
Man'ne Biologz'cal Statt'on, T6hok:u Um"ver81:ty, .Asamu.sM, 
Aomori, 039-34 Japan 
In Temnopleurus hardwio'ki eggs brown pigment granules are scattered 
throughout the inner cytoplasm before fertilization. Mter fertilization, most 
of them migrate to the cortex and become embedded. In unfertilized eggs 
incubated in sea water containing procaine hydrochloride the pigment granule 
migration occurs without cortical granule discharge. After longer incubation a 
clear cortex lacking pigment granule.s appears though cleavage does not occur. 
Unfertilized eggs of Tewnopleurus hardwicki contain brown pigment granules. 
These pigment granules are scattered throughout the irmer cytoplasm. After 
fertilization most of them migrate to the egg cortex and become embedded (OSANAI, 
1963, 1964, 1969; SAWADA and OsANAI, 1980). Echinochrome granules in Arbacia 
eggs show similar movement after fertilization (ALLEN and RowE, 1958; BELANGER 
and RusTAD, 1972: ScHROEDER, 1980). Pigment granules migrate in eggs 
exposed to ionophore A23187, which induces the discharge of cortical granules and 
the elevation of the fertilization envelope (SAwADA and OsANAI, 1980; ScHROEDER, 
1980). 
In partially fertilized eggs, in which the cortical granule discharge has been 
interrupted and the fertilization envelope has been partially elevated, the pigment 
granules migrate ouly to the changed cortex. It was proposed that pigment granule 
migration depends on ooplasmic activation relating to cortical granule discharge 
(ALLEN and RowE, 1958; 0SANAI, 1963, 1964). The activation of sea urchin 
eggs can be induced without cortical granule reaction. Ammonia and procaine 
parthenogenetically initiate DNA synthesis and cytoaster formation in spite of 
cortical granule remaining in the cortex (MAziA, 197 4; MAzrA et al., 1975; VACQUIER 
and BRANDRIFF, 1975; MoY et al., 1977). 
These previous works lead me to examine whether the pigment granule migra-
tion is also induced independent of cortical granule discharge. 
I) Contribution from the Marine Biological Station, TOhoku University, No. 468. 
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MATERIAL AND METHODS 
T ernnopleurus hardwicki (JAY) were collected in the vicinity of the Asamushi 
Marine Biological Station, Aomori. Their gametes were obtained by injecting 0.5 
M potassium chloride (pH 8) into the intracoelomic cavity. To remove the jelly 
coat the eggs were treated with acid sea water (pH 5.1) for 1- 2 minutes. The 
vitelline coat was removed by exposing them to 0.01% tyrpsin (Sigma) in sea water 
for 10 minutes. To induce egg activation with cortical granule breakdown, intact 
or dejellied eggs were expsoed to 1 M urea solution which was adjusted to pH 8 
by the addition of sodium bicarbonate (lVIoTOMURA 1934). Procaine hydrochloride 
(Sigma) was dissolved in filtered sea water at 5 mM and used to induce partheno-
genetic activation without cortical granule discharge. Observations were carried 
out with a Nomarski differential interference microscope (Olympus BHB-N) at 
22-24°0. 
RESULTS 
Migration of pigment granules to the egg cm·tex 
The distribution of pigment granules in the unfertilized and fertilized eggs of 
T emnopleurus hardwicki was previously described (OSANAI, 1969). The pigment 
granules are distributed throughout the inner cytoplasm prior to fertilization 
(Figs. 1 and 2) and undergo randomly-directed movements. Within 5 minutes of 
fertilization, most of them migrate to the egg periphery, and become embedded in 
the cortex. Those particles remaining in the inner cytoplasm move inward and 
gather around the aster. 
Unfertilized eggs were exposed to 1 M urea for 5 minutes and then incubated 
in normal sea water. The eggs were parthenogenetically activated and developed 
the monaster. However, they did not formed the fertilization envelope and the 
hyaline layer, because the vitelline coat and cortical granules, the precursors of 
the fertilization envelope, had been removed by the urea-treatment (MoTOMURA, 
1941). In these activated eggs many pigment granules were embedded in the 
cortex, while a few were distributed around the monaster (Fig. 3). 
To induce egg activation without cortical granule discharge, intact or dejellied 
unfertilized eggs were incubated in sea water containing 5 mM procaine. Mter 
about 3 hours, the eggs underwent nuclear change and formed monaster as shown 
by previous workers (VACQUEIR and BRANDRIFF, 1975; MoY et al. , 1977). Most of 
the pigment granules become embedded in the cortex and the rest of them 
gathered around the aster (Fig. 4). The activated eggs did not show any sign 
of cortical granule reaction, such as fertilization envelope formation or cortical 
granule discharge, but their surface had extended microvilli (Figs. 5 and 6). 
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_Figs. 1-4. The distribution of pigment g ranules in unfertilized eggs a,nd parthenogenetically 
activated eggs. Figs . l - 2: Unfertilized eggs. Pigmen t granules are distributed 
throughout the cytoplasm and undergo salta.tory movements. (Fig. I X 330, Fig. 2 x 
800). Fig. 3: Urea-activated egg which were exposed to I l\!1 urea for 5 minutes and 
then incubated in normal sea water for 95 minutes. Optical section (a) and surface view 
(b) . Monaster develops and pigment granules segregate to the cortex ( x 300). Fig. 
4 : Procaine-activated egg. The dejellied unfertilized egg was incubated in sea 
water containing 5 mM: procaine for 2 hours and 10 minu tes. Optical section (a) and 
surface (b) (X 260). Bars indicate 10 ,um. 
112 K. OSANAI 
Figs. 5 and 6. Extended microvilli in procaine-treated eggs. The eggs were exposed 
to 5 mM procaine for 3 hours (X 420). The btu· indicates 10 fi iD. 
n~:stribution of cortical pigment granules in ectrly development 
Cortical pigment granules homogeneously embedded in the whole cortex after 
fertilization are not carried into t he boundary of the blastomeres after cleavage, but 
7 8 
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Figs. 7- 9. Cortical pigment granules at the 16-cell stage. Figs. 7 and 8: Eggs exposed 
t o 0.01% trypsin for lO minutes and then insemina.ted in normal sea water. 2 hours 
and 10 minutes after insemination ( X 270). Fig. 9: The 16-cell stage of normally 
fertilized embryo, 2 hours and 20 minutes after insemination. Optical section (a) 
and sm·face view (b) ( X 270). The bar indicates 10 p;m. 
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remam 111 t he periphery of the embryo (MoTOMUR-A, 1935). In several sea urchin 
species, a clear zone lacking pigment granules appears around t he vegetal pole by the 
fourth cleavage, resulting in the formation of unpigmented micromeres (TANAKA, 
1979; ScHR-OEDEit, 1980). The vegetal clear zone appears also in 1'emnopleums 
hctrdwicki embryos. 
The 1'. hardwicki eggs reached the 16-cell stage and the 32-cell stage about 2 
hours and 2.5 hours after .fertilization, respectively. At t he fourth cleavage, the 
peripheral cortex of micromeres contained some pigment granules in the area near 
macromeres, but was unpigmented near the vegetal pole (Figs. 7- 9). At t he fifth 
cleavage, the primary micromere divided into smaller and larger micromeres. The 
large micromeres contained small numbers of pigment granules, while the small 
micromeres lacked them (Figs. 10 and 11). 
10a 10b 
Figs. 10 and 11. The 32-cell stage, about 2.5 hours after inseminat ion. Views from the 
vegetal pole (Fig. 10) and optical sections (Fig. 11 ). Small m icromeres do not 
contain pigment granules ( X 270). The bar indicates 10 p m. 
Dist1·ibtttion. of cortical pigment granules in ]Xt1·thenogenetically activated eggs 
Eggs activated by the treatment with urea or procaine fmmed the aster, but 
did not cleave. Thus, I examined whether the vegetal clear zone appeared without 
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cleavage after the time corresponding to the 16-cell stage. 
Unfertilized eggs were exposed to 1 M urea for 10 seconds and then placed in 
normal sea water. The eggs elevated the fertilization envelope and formed the 
monaster. After about 3 hours. cortical pigment granules aggregated in small 
groups. A wide unpigmented area was observed in the cortex (Fig. 12). The 
aggregation of the pigment granules was also observed in the eggs incubated in 
procaine for about 3 hours. Some procaine-treated eggs showed a concavity of the 
surface, which lacked the cortical pigment granules. A partially elevated 
envelope was observed on the concave surface (Fig. 13). I t was not ascertained 
whether these unpigmented areas corresponded to the vegetal clear zone of Arbacia 
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L•' igs. 12 and 13. Clear areas in activated eggs \\' ithout cleavage. Fig. 12: Urea-trea.ted 
egg which was exposed to l M urea for 10 seconds and then placed in normal sea 
water for 3 hours and 50 minutes. Surface view ( X 270). Fig. 13: Procaine-
activated egg which was incubated in sea water containing 5 mlVI procaine for 5 hours. 
a-c: Serial optical sections. Conca.ve surface (an ·my) lacking pigment grunules is 
observed in a. and b ( X 270). The bar ind icate 10 ttm. 
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DISCUSSION 
Pigment granules randomly distributed in unfertilized eggs of sea urchins 
migrates to the cortex after fertilization (ALLEN and RowE, 1958 ; 0 SANAI, 1969; 
ScHROEDER 1980). It had been proposed that pigment granule migration depends 
on ooplasmic activation relating to cortical granule discharge (ALLEN and RowE, 
1958; OsANAI, 1963, 1964). However, pigment granule migration occurs without 
cortical granule discharge in the procaine-treated eggs. This shows that pigment 
granule migration does not directly correlate with cortical granule discharge. 
Sea urchin eggs parthenogenetically activated with ammonia do not discharge 
cortical granules, but the egg surface has many extended microvilli. The egg 
activation was considered to be due to the release of a surface inhibitor that caused 
the extension of surface microvilli (l\'lAziA 197 4; MAZIA et al. , 197 5; JOHNSON and 
EPEL, 1975). The extension of mocrovilli without cortical granule discharge was 
observed in procaine-treated eggs. The microvilli and cort ex of sea urchin eggs 
contain actin. The extension of the microvilli is attributed to the polymerization 
of actin filaments (BuRGESS and ScHROEDER, 1977: BEGG and REBHUM, 1979; 
SPUDICH and SPUDICH, 1979). Pigment granule migration is inhibited by cyto-
chalasin B (BELANGER and RuSTAD, 1972; SAWADA and OsANAI, 1980). The 
pigment granules lodged in the cortex are liberated again into the inner cytoplasm 
by cytochalasin B (SAwADA and 0SANAI, 1980). This suggests that the migration 
and embedding of the pigment granules in the cortex relate to actin filaments. 
Procaine may activate an actin-related system, inducing microvillous extension and 
pigment granule migration. Whether microvillous extension is prerequisite to the 
pigment granule migration requires further examination. 
Micromeres produced after the fourth cleavage contain little or no pigment. 
Two explanations on the appearence of the unpigmented micromeres can be 
considered; (1) The surface of the micromeres at the 32-cell stage is derived from the 
boundary surface which is not underlain by the cortical pigment granules. (2) The 
clear cortex lacking the pigment granules appears around the vegetal pole 
independent of cleavage and the inicromeres are formed only of this clear part of the 
cortex. The vegetal clear zone appears prior to fertilization in Paracentrotus 
lividus eggs. Fertilized Arbacia eggs incubated in colchicine form a circular clear 
zone though cleavage is blocked (ScHROEDER, 1980). If the clear area observed in 
the urea-treated egg and the concave surface in the procaine-incubated egg appear 
at t he vegetal pole, the present observation may support the second possibility 
proposed by ScHROEDER (1980). Whether these unpigmented areas correspond 
with the vegetal clear zone remains to be examined. 
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